Abstract: Dental plaque is still considered the main etiological factor for periodontal diseases. Our understanding of periodontal disease has advanced from the previous concepts where gingivitis slowly progressed to periodontitis to a more complex scenario that correlates several risk factors in the pathogenesis of periodontal disease. Among these factors, age has been associated with increased rates of periodontal disease as the population gets older. Although the loss of alveolar bone and periodontal attachment is common in the elderly population, and there is evident age-related changes in the periodontium, severe periodontitis is not a natural consequence of ageing. The importance of identifying the risk factors that participate in the pathogenesis of periodontal disease at an early phase, both of the individual and the disease, as well as evaluating the capacity of the individual to control dental plaque will enable the implementation of an adequate preventive program, where the needs and limitations of the individual are considered to specifically tailor the oral hygiene procedures and the mouthwashes to be used. Descriptors: Age groups; Risk factors; Patient compliance; Periodontal diseases / prevention & control; Antiseptics.
Introduction
The biofilm that forms and remains on tooth surfaces is the main etiological factor in caries and periodontal disease. 2, 17 In recent years, it has become apparent that the pathogenesis of periodontal diseases is more complex than the mere presence of virulent microorganisms. The presence of risk factors is now considered an important aspect in the pathogenesis of periodontal disease. 1, 11, 12, 25 Susceptibility to periodontitis varies greatly between individuals who harbor the same pathogenic bacteria. Evidence points to the host response to bacterial challenge as a major determinant of susceptibility. 11, 12, 25 Risk factors have been classified as modifiable or non-modifiable ones. Van Dyke 25 (2005) considered modifiable risk factors those which are usually environmental or behavioral in nature, such as smoking, systemic conditions, microorganisms, periodontal disease and psychological factors such as stress, whereas non-modifiable are usually intrinsic to the individual and not easily changed, and they include genetics, host response and ageing, among other factors.
Although cross-sectional studies show more severe conditions in the older population, 3 and other studies report the limited capacity of different age groups to maintain tooth surfaces free of dental plaque, 6, 23 there is a need to explore age related issues when implementing plaque-control measures and preventive programs in different age groups. Thus, the purpose of this review is to investigate if there is an impact of ageing on plaque control and oral health, and to propose specific preventive measures for different age groups.
Age and oral health
Although ageing has been associated with an increased incidence of periodontal disease, 11, 12 some studies have questioned the association between age and periodontitis. 3, 19, 24 When the disease is measured by loss of periodontal attachment, nearly all cross-sectional studies show more severe conditions in the older population. 3 Even though this loss of alveolar bone and periodontal attachment is common in the elderly population, severe periodontitis is not a natural consequence of ageing.
Studies in South American countries have shown similar findings as the ones stated previously, demonstrating a clear tendency towards increased rates of periodontal disease as the population gets older.
5,9,10 Gjermo et al. 10 (2002) reported that the distribution of dentate subjects with signs of moderate and severe periodontal disease increased with age. In this study, older subjects demonstrated higher percentages of periodontal disease in comparison with middle and younger age groups. Likewise, Flores-de-Jacoby et al. 5 (1991) showed that between 41 and 51% of the subjects in the older age group had signs of moderate and severe periodontal diseases. However, in this study, 50% of the subjects in the young age group also showed signs of moderate periodontal disease. In a Chilean population, Gamonal et al. 8 (1998) reported that periodontal conditions were poorer than in developed countries. The age groups 35-44 and 65-74 showed high prevalence values of chronic periodontal disease, 92% and 100% respectively.
Various studies have shown that, at an early age, there is minimal localized initial loss of attachment; at the age of 30, the cumulative loss of attachment reaches 1 mm; and as the participants approach 40 years, the mean loss reaches 1.5 mm. 13, 15, 16, 20 Schatzle et al. 20 (2003) evaluated the pattern, rate, and variations of attachment loss during various stages of adult life. Their results demonstrated that participants started with a healthy periodontium; at early twenties, less than 10% of the sites lost periodontal attachment; for the next 30 years, more sites were affected; and as they reached 60 years, approximately 75% of the sites showed an attachment loss of 2 mm. Although a high percentage of the sites showed attachment loss, there were 25% of the men who, during their entire 60 years of life, did not develop chronic periodontal disease beyond gingivitis, and basically went through adult life with a healthy periodontium. It is apparent from the previous studies that older age groups have a higher prevalence of periodontal disease. However, to understand the events that participate in the initiation and progression of periodontal disease, it is necessary to take into account the susceptibility of the individual, the cumulative nature of loss of periodontal support, the length of exposure to etiologic factors, the rate of progression, the repair process, tissue changes, compliance, dexterity, and socioeconomic levels, among other factors, which have been discussed in the literature. 3, 10, 14, 24 Johnson 14 (1989) reported that the effects of previous loss of periodontal attachment and bone loss accumulate with age and that the evidence that the susceptibility to periodontal destruction increases with age is not clear. Additionally, Van der Velden 24 (1984) reported that, with age, the periodontium can react differently to plaque, where inflammation develops more rapidly and healing proceeds more slowly. This study concluded that there is age related changes in the periodontium, but that individual susceptibility is more important than the age effect.
The previous findings suggest that age alone is not a major factor in the development of periodontitis and that it is essential to have additional risk factors to initiate and have progression of periodontal disease. Identifying risk factors for loss of periodontal support and dental function requires a multivariate analysis, preferably with genetic, biological, clinical and environmental factors. It is important to identify the risk factors that participate in the pathogenesis of periodontal disease at an early phase, both of the individual and the disease, to enable the implementation of an adequate preventive program, where the needs of the individual and/or each age group are considered to specifically tailor the oral hygiene procedures and mouthwashes to be used.
Axelsson et al. 2 (2004) reported that the tendency of studies in the 1970s both in children and adults was to prevent or retard the development of caries and/or gingivitis/periodontitis through the use of plaque control methods. In this study, after 30 years of being enrolled in a preventive program, the overall plaque scores in the different age groups (Group 1: 20 -35, Group 2: 36 -50, and Group 3: 51 -65) reduced from baseline levels of 50 -60% to levels below 20%. This study concluded that the preventive program improved the dental health for all age groups.
In contrast, the results reported by Schatzle et al. 20 (2003) , where 25% of the men during their entire life did not develop chronic periodontal disease beyond gingivitis and basically went through adult life with a healthy periodontium, demonstrate that the progression of periodontal disease may not occur even if personal oral hygiene is not completely effective. It seems that progression differences seen between individuals of the same or different age group should be considered when implementing preventive programs and/or indicating oral hygiene procedures with the adjunctive use of mouthwashes containing chemotherapeutic agents.
Other studies support the clear advantages of adequate oral hygiene practices and regular dental care as shown in the study of Axelsson et al. 2 
(2004). Streckfus et al.
22 (1999) demonstrated that the integrity of the periodontium could be maintained throughout life by exercising comprehensive oral hygiene practices and routine dental care. Furthermore, Eneroth, Sundberg 4 (1985) recalled more than 900 subjects during a 5-year interval and reported stable periodontal conditions during the observation period. Likewise, Söderholm 21 (1979) reported low incidence of caries when subjects were recalled every 3 months for education and training in plaque control measures and related scaling and root planing. When subjects were enrolled in the preventive program, the number of new decayed surfaces was reduced from 0.4 to 0.17 lesions/year. On the other hand, for those subjects who are not enrolled in preventive programs, a higher incidence of caries and periodontal disease has been reported. 7,18 Fure 7 (2003) showed a higher incidence of coronal and root caries for subjects between 55 and 75 years of age. It is obvious from the results of these studies that preventive dental care programs and oral health education may have a marked influence on sound tooth surfaces.
Additionally, the limited capacity of the different age groups to maintain the tooth surfaces free of dental plaque is a factor to be considered when indicating plaque-control measures. 6, 23 Freitas-Fernandez et al. 6 (2002) showed, in a group of Brazilian children aged 7-11, unsatisfactory levels of plaque and gingival inflammation control even after being enrolled in a preventive program. The results showed that the children enrolled in the preventive program still had 32% of the dental surfaces covered with dental plaque. Likewise, Tawse-Smith et al. 23 (2002) reported that elderly participants between 55 and 80 years of age were moderately effective in removing dental plaque when carrying out self-performed oral hygiene practices, even after receiving detailed video and written instructions for the use of different toothbrushes. Their results showed the limited capacity of the participants in removing dental plaque from implant surfaces irrespective of the mechanical device used. Mechanical methods of plaque control require dexterity, motivation, compliance and time. These studies clearly demonstrate that most of the individuals may find beneficial effects in the use of an adjunctive essential oil mouthwash in order to improve their self-performed oral hygiene.
Conclusions
Irrespective of the age group considered, it is essential to understand which risk factors are involved in the initiation and progression of caries and periodontal disease. It is important to analyze which preventive program should be indicated for each individual or age group based on their needs, risks and limitations. A younger age group may find beneficial effects in being enrolled in preventive programs, which include the use of mouthwashes as a complement of the daily oral hygiene routine for controlling bacterial plaque. For this purpose, mouthwashes should include chemotherapeutic agents such as essential oils and fluoride because caries may be a higher risk at this age. A middle age group may find more advantages in using mouthwashes that control dental plaque and gingival inflammation because individuals at this age may present a higher risk of developing periodontal disease. For the older age groups, adjunctive mouthwashes should be indicated to help prevent root caries and periodontal disease. It is clear that subjects who are not enrolled in preventive programs experience a much higher incidence of caries and periodontal disease than carefully maintainer subjects.
